Clark's nutcrackers regularly store large numbers of pine seeds and remember the locations of the cached seeds. Although they are very accurate, they do make some errors during recovery. In an attempt to determine whether any behaviours during caching predicted the occurrence of errors during recovery, we videotaped Clark's nutcrackers while they cached and recovered seeds under laboratory conditions. We used the videotapes to develop complete, quantitative descriptions of caching and recovery behaviour, with an emphasis on body orientation and directions of movement. During caching, the birds showed the greatest change in their orientation and direction following cache creation. During cache recovery, in contrast, body orientation changed most following successful recovery of a seed. When orientation while making a cache was compared with orientation when recovering the same cache, orientations were similar more often than would be expected by chance. However, this consistency of direction was not related to the accuracy of cache recovery, indicating that such consistency is not necessary for accurate cache recovery. The location in which the birds chose to place their caches was the only variable that predicted the location of probes during recovery.
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Clark's nutcrackers, Nucifraga columbiana, store large amounts of food every autumn and accurately recover this food during winter and spring. Many experiments have demonstrated that nutcrackers use spatial memory to relocate their caches (Balda 1980; Vander Wall 1982; Kamil & Balda 1985) . Several experiments in which landmarks were moved or removed between caching and recovery have demonstrated that cache site memory is based on visual cues provided by landmarks (Balda 1980; Vander Wall 1982; Balda & Turek 1984) . In nature, nutcrackers cache in highly variable, montane habitats, which undoubtedly provide a rich array of potential landmarks such as cliffs, trees, boulders and rocks. However, very little is known about how nutcrackers, or other caching birds, actually use the information provided by landmarks to relocate their cached food. The general purpose of the experiment reported here was to conduct a detailed, descriptive study of caching and recovery to begin to investigate this problem.
Many hypotheses have been proposed to account for the use of landmarks for orientation by animals, including piloting (Griffin 1952), triangulation (Bossema 1979) , and the vector sum model (Cheng 1989) . One such hypothesis for animals such as nutcrackers that need to keep track of many locations simultaneously might be called the 'snapshot' theory (Cartwright & Collett 1983) . During caching, the bird could look at the landmarks visible from the cache site and retain an image of this view. Then, during recovery, it could attempt to match what it sees to the remembered image. This type of mechanism appears to play a role in the ability of honeybees to relocate food sources (Cartwright & Collett 1983) . One prediction of the snapshot hypothesis of cache site memory is that the bird should tend to approach the cache site from the same direction during caching and recovery because the view from a site depends on body orientation. Bossema (1979; see also Bossema & Pot 1974) tested this idea with European jays, Garrulus glandarius. He found that jays used the same direction of approach to the cache during recovery as they had during caching more than expected by chance. However, this is only weak evidence for the snapshot hypothesis, as there are many potential reasons for such a finding. For example,
